A series of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) ceramic materials were synthesized via the conventional solid-state reaction method and finally sintered at 1200°C. The diffraction pattern revealed that the cubic (Zn 2 Ti 3 O 8 and BaTiO 3 ) and monoclinic (Ba 2 ZnTi 5 O 13 ) phases were present in the resultant compositions. The morphology was analysed using scanning electron microscope. The presence of metal oxide (M-O) stretching vibrations was confirmed by Fourier transform infrared spectra. The AC electrical properties such as dielectric constant (ε r ), loss tangent (tan δ) and AC conductivity (σ ac ) were investigated as a function of temperature (313-673 K) and frequency (100 Hz-5 MHz). The high dielectric constant and loss values were obtained for higher barium contents (beyond x = 0.5) owing to the presence of smaller number of monoclinic Ba 2 ZnTi 5 O 13 phases. The effect of space-charge polarization was explained from dielectric modulus (M′ and M″) behaviour. The Nyquist plots (Z′ versus Z″) were drawn to justify the electrical conduction mechanism of all compositions. The bulk resistances (R b ) were calculated from Nyquist plots. The room temperature ferroelectric behaviour was illustrated with the help of P-E loop tracer.
Introduction
In general, the ceramic materials have potential applications of various fields because of their significant electrical properties [1] . In particular, the ceramic materials with ferroelectric properties were developed and utilized for different applications such as non-volatile memories, medical ultrasound imaging and actuators, and data storage devices [2] . The biggest applications of ferroelectric ceramics are in the areas of dielectric ceramics for capacitor applications, especially ferroelectric thin film technology [3] . The perovskite family shows a general structure of ABO 3 [4, 5] . Many ferroelectric materials such as barium titanate (BaTiO 3 ), strontium titanate (SrTiO 3 ), lead titanate (PbTiO 3 ), lead zirconate titanate (PZT) and lead lanthanum zirconate titanate (PLZT) exhibit the perovskite structure. All these are expected to be candidate dielectric materials.
Fernandez et al. [6] reported that the systematic development of microstructure and homogeneous grains is indeed helpful in improving the dielectric constant of BaTiO 3 , thereby increasing the capacitance of material. Therefore, these materials can work as the candidates for multilayer capacitors. Anatolii et al. [7] synthesized ceramic compositions which are quite close to BaZn 2 Ti 4 O 11 and verified the structural, microstructural and electrical properties. As per the reported results among all the samples of BaZn 2 − x Ti 4 O 11 − x (0 < x < 0.1) compositions, the sintered specimen of high density performed high dielectric constant of 30 and low loss tangent (tan δ) [7] . In the case of BaZn 2 Ti 4 O 11 (x = 0) composition, very less improvement of dielectric properties is observed. In respect of structural properties, few secondary phases such as BaTi 4 O 9 and Zn 2 TiO 4 are noticed. Obradovic et al. [8, 9] reported that the pure BaZn 2 Ti 4 O 11 phases are formed after sintering at a temperature of 1250°C. Caballero et al. [10, 11] discussed the microstructure and electrical properties of ZnO-doped barium titanate. This researcher reported that the addition of ZnO (10%) in BaTiO 3 ceramics establishes formation of fine and homogeneous grains in the microstructure. Moreover, the highest dielectric constant~3000 and low loss~0.01 are attributed to the same composition which can be attributed to occupation of Zn 2+ cations in Ba 2+ sites [10] . Roth et al. [12] used a ternary system BaO-ZnO-TiO 2 for microwave dielectric applications. This ternary system reveals the presence of four significant phases including their structures such as BaZn 2 16 . The pictorial representation of all the above mentioned structures is clearly shown in reference [12] . The stability temperatures of these four phases are explained using compatibility triangles. In the recent literature, Naidu et al. [1, 3, 4, 13] , Kumar et al. [14] and Maddaiah et al. [15, 16] investigated the effect of various elements (La, Mg, Mn, Cu, Zn and Bi) on electrical properties such as dielectric constant, loss, thermoelectric power, AC conductivity and DC conductivity of SrTiO 3 electro ceramic material. These researchers reported that the Cudoped SrTiO 3 shows highest dielectric constant at room temperature (RT) [13] .
For distinct BaO compositions in the binary system of ZnO-TiO 2 , the studies on dielectric properties, impedance analysis and ferroelectric properties have not been yet reported in the literature. In addition, the author is interested to know the effect of concentration of barium oxide into the ZnO-TiO 2 system. However, the three systems are quite different that is BaO, ZnO and TiO 2 are dielectric (and ferroelectric), semiconductor and hard materials, respectively. Hence, an attempt has been made to elucidate the temperature and frequency dependence of electrical and room temperature ferroelectric properties of present ternary system. In addition, the structural, morphological and FTIR properties were also carried out to evaluate the structure, surface morphology and presence of metal oxide bonds of current materials.
Experimental procedure
In this study, the starting materials were chosen as Ba(NO 3 ) 2 (99.6% purity, Sigma-Aldrich), TiO 2 (99.4% purity, Sigma-Aldrich) and ZnO (99.3% purity, SigmaAldrich) to prepare the ferroelectric barium zinc titanate ceramics. Initially, the raw materials were weighed and mixed uniformly according to the stoichiometric ratio. The mixed powder was ball milled for approximately 12 h using ball miller (Retsch PM200). Furthermore, the uniformly grounded powder was pre-sintered at 1100°C for 12 h. The pre-sintered powder was again ground for nearly 2 h. The pellets of radius 0.59 cm and thickness 0.288 cm were prepared after applying 5 t pressure using hydraulic press. The pellets were sintered at 1200°C for 2 h in conventional furnaces. Further, the pellets and powder samples were characterized using XRD at room temperature (Bruker X-Ray Powder Diffractometer, CuKα = 0.15406 nm), SEM (Hitachi: S-4700), FT-IR spectrophotometer (IR affinity-1, Shimadzu) and P-E loop measurement (Marine India) for structural, surface morphological, FTIR and ferroelectric properties, respectively. The AC electrical properties were studied using LCR HiTESTER (HIOKI 3532-50, Japan) as a function of temperature and frequency after sputtering the silver paste on both surfaces of the samples.
Results and discussions

Structural analysis
The variation of intensity (I) as a function of two-theta (2θ) angle for the ternary system of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) sintered at 1200°C/2 h is depicted in Fig. 1 . It can be obviously understood from the figure that with increase of x in the binary system (ZnO-TiO 2 ) sintered at 1200°C, the intense diffraction peaks of cubic perovskite structure (indicated by #) of Zn 2 Ti 3 O 8 are formed up to x = 0.4, while few less intense diffraction peaks corresponding to the monoclinic Ba 2 ZnTi 5 O 13 phases are appeared as the intermediate phases [12] . Thus, it confirms that the cubic phase is dominant in the sample with low Ba-content. However, these monoclinic peaks become less intense for the sample with higher Ba-content x > 0.5. Beyond x = 0.5, the cubic structure is completely due to the presence of BaTiO 3 phases, and very few monoclinic phases of Ba 2 ZnTi 5 O 13 are also detected. The similar monoclinic phases are detected in ZnO-doped BaTiO 3 compound as reported by Roth et al. [12] . The maximum intense peaks of cubic BaTiO 3 and Zn 2 Ti 3 O 8 phases are observed at twotheta angles 31.86°and 35.56°, respectively. This establishes a new fact that the cubic to monoclinic structural transformation occurs among the compositions. That is, below x = 0.5, the resultant compound is of cubic structure pertaining more number of monoclinic phases, while beyond x = 0.5, it is also of cubic structure possessing very less number of monoclinic phases. This is obviously seen in Fig. 1 . It is also clear from the diffraction pattern that the high barium content is dominating the total structure in the resultant compound. The reflection planes and two-theta angle positions are in consistent with the standard JCPDS data card nos. 89-2475 (cubic), 81-2379 (monoclinic) and 87-1781 (cubic) as shown in Fig. 1 . It is an observed fact from the literature that this kind of structural transformation can affect the distinct electrical properties [17] [18] [19] .
In addition, the average crystallite size (D) of all compositions is evaluated using the Scherrer formula [20] :
where λ is the wavelength of radiation used, β is the full width half maximum (FWHM) of diffraction peaks and θ is the diffraction angle. The composition dependence of crystallite size as well as the FWHM is depicted in Fig. 2 . It can be seen from the figure that the FWHM is increasing (from 0.150°-0.297°) with increase in x up to 40% of BaO addition. For further increase of x, it starts decreasing (from 0.221-0.038°). On the other hand, the D value is decreasing with dopant from~45-28 nm up to x = 0.4, while it shows increasing trend from~44-109 nm. Therefore, this behaviour attributes an inversely proportional relationship between D and β. The main reasons for observed variations of crystallite sizes are the developed micro-strains or full width half maxima of all diffraction peaks. Similar relationship is reported in the literature [21] . Although the crystallography is changed above x = 0.4, the crystallite size was calculated using Scherrer Eq.
(1) for all broad peaks to reveal the existence of size of the crystallites at an average. The X-ray densities (D x ) are found to be changing between 3.631 and 4.954 g/cm 3 . Besides the X-ray density, the bulk density
is calculated from the mass and dimensions of the pellets [22] and are listed in Table 1 . The obtained results are found to be varying between 3.014 and 4.518 g/cm 3 . The results reveal that D b is almost decreasing with x value from 0.1 to 0.4. But, beyond x = 0.4, it is increasing. Further, the porosity (pore fraction P) is computed and listed in Table 1 . It can be seen from the table that the low porosity is noted for x = 0.7, 0.8 and 0.9 compositions. The differences in diametric shrinkage are observed, and the variation is reported in Table 1 with increase in x value.
SEM analysis
The micrographs of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) sintered (at 1200°C/2 h) powder samples are shown in The average grain size (G) is estimated using the linear intercept method [22] . The obtained data is listed in Table 1 .
where L = the total test line length, M = the magnification and N = the total number of intercepts which the grain boundary makes with the line.
FTIR spectral analysis
Fourier transform infrared (FTIR) spectra are normally recorded for evaluating the presence of metal oxide bonds (M-O) in ceramic materials. The FTIR spectra of powder samples sintered at 1200°C are recorded in the range of 400-1000 cm −1 as shown in Fig. 4 .
In this study, the compounds show A site metal oxide (Ba-O and Zn-O) absorption bands varying between the wave numbers υ 1 = 446.81 and 486.18 cm −1 (broad peak).
On the other hand, the B site M-O absorption bonds are assigned to the Ti-O which are formed between the wave numbers υ 2 = 399.95 and 411.65 cm −1 (narrow peak) [15] .
These results are reported in Table 2 . In the FTIR spectra shown in Fig. 4 , there is a clear variation in the peaks seen at 400-600 cm −1 . These variations imply the occupation of parent element lattice site by the foreign or doping element into the whole perovskite lattice. Therefore, FTIR study attributes the occupancy of cations such as Ba, Zn and Ti (cation distribution) in both A and B sites. Indeed, the Zn 2+ ions of ionic radii~0.083 nm [23] preferentially occupy the A site as it can easily replace the Ba 2+ ions of bigger ionic radii~0.135 nm [23] present at A site. In this investigation also, the Zn-O (metal oxide) bonds are appeared at A site. Similar observations are reported by Roth et al. [12] . However, the Zn 2+ ions may have very less preference to replace the Ti 4+ ions, as Zn 2+ ions have bigger ionic radii than the Ti 4+ ions (0.042 nm) [23] .
Dielectric properties
The variation of dielectric constant (ε r ) and loss (ε″) of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) as a function of temperature (313-673 K) at 1 MHz frequency is depicted in Fig. 5 . It is understood from the figures that for x = 0.1 to 0.5 compositions, the dielectric constant and loss are slowly increasing with increase in temperature up to 413 K which can be attributed to the decrease of resistance with temperature. Further, a sharp constant trend is observed. It may usually occur when the dipoles are unable to respond to the applied frequency between those temperatures. In other words, it may be happened owing to the constant hopping rate of charge carriers. On the other hand, for x = 0.6 to 0.9 compositions, ε r is increasing with temperature up to 383 K, and further, it is decreasing to lower values. This reveals a fact that the transition took place at this temperature (383 K). This transition is considered as ferroelectric transition temperature. This transition temperature is almost equal to the transition temperature of barium titanate [5] . The loss of x = 0.5 & 0.9 is initially decreasing with temperature up to~500 K due to decrease of response of the dipoles. But interestingly, beyond 500 K, it starts increasing. This establishes a fact that the dipoles exhibit more response for these two compositions above 500 K. The rest of compositions exhibit almost a constant trend throughout the variation of temperature. This reveals a fact that response from the dipoles is constant for all the temperatures.
The frequency dependence of ε r and ε″ is depicted in Fig. 6 . The dielectric constant and loss parameters show higher values at lower frequencies. This may be attributed to the interfacial or space-charge polarization effect [24] . Normally, at lower frequencies, all kinds charge carriers (electrons and holes) accumulate at the grain boundary Fig. 3 The SEM micrographs of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) ceramics interface. As a result, the polarization becomes more at this juncture which leads to high value of dielectric constant. However, ε r and ε″ are decreasing with increase in frequency. This can be attributed to the in effective spacecharges at the grain boundary interface. At the room temperature, for~1 MHz frequency, x = 0.9 shows the highest dielectric constant of~146 (Table 3 ). The ε r values of rest of the compositions are reported in Table 3 . The dielectric constant is dependent of composition, grain size, density and porosity of materials [25] . In this study, the bulk densities of x = 0.1-0.5 compositions are changing between 3 and 3.6 g/cm 3 , while x = 0.6-0.9 compositions reveal the high density of order 4-4.5 g/cm 3 . The grain sizes of x = 0.5-0.9 compositions are higher than that of x = 0.1-0.4. This implies that the variation trends of density, grain size and dielectric constants with compositions are almost identical. Similar kind of observation towards the variation of dielectric constant is reported by Naidu et al. [25] . In some cases, the presence of secondary phases also affects the dielectric constant [19] . This study includes more number of secondary phases at smaller x values. At the same time, these secondary phases are very less for higher values of x. This may be another reason for higher values of dielectric constant at higher concentrations (i.e. x > 0.5). It can also be predicted that the higher barium content present in a composition can also induce the dielectric constant. The loss also shows the similar trend as that of permittivity behaviour. High loss of~55 is achieved for x = 0.9. This kind of high ε′ and high ε″ values noticed at room temperature is most suitable for filter, charge stored capacitors and dielectric absorber applications [25] .
AC conductivity studies
The frequency dependence of AC conductivity is depicted in Fig.  7 . It is noticed that the conductivity is increasing with frequency. This variation can be governed by the power law relation:
where A is the constant and n is the exponent (varying between 0 and 1). The term σ o (T) indicates the DC conductivity which is independent of frequency. The AC conductivity is changing between 6.70 × 10 −7 and 4.50 × 10 −3 S/cm. These values . But below this, the AC conductivity is very small in value, and it is of order 10 −5 to 10
. In general, σ ac relates to the following equation [25] : and tanδ = loss tangent. It is clearly understood from AC conductivity relation that it is a dependent parameter of dielectric loss (ε″). However, the loss is again a dependent parameter of dielectric constant and dissipation factor. The material compositions with high dielectric constant consist of electric dipoles which can give faster response to the applied electric field. During the faster response, the dipoles generate more heat. This heat is directly proportional to the loss. Hence, it is reported that the loss reflects the AC conductivity value revealing the proportional relationship. In the current study, the compositions greater than x = 0.5 contain the high loss values This kind of variation attributes the linear small polaron hopping mechanism among the electric dipoles [25] . Figure 8 depicts the variation of AC conductivity as a function of reciprocal of temperature at 1 MHz frequency. As the temperature goes on increasing, the AC conductivity becomes increased owing to the hopping of charge carriers and hence this can be governed by the Arrhenius equation [25] :
where K = 8.6 × 10 −5 eV, σ o is the pre-exponential factor, E a is the activation energy and T is the absolute temperature. The lnσ ac and 10 3 /T plots show almost a curve shape. The intersecting point of these two curves attributes two slopes. This intersecting point may be established due to the transition temperature. Hence, two slopes are taken on both sides of curves as shown in plot (x = 0.9). The compositions x = 0.6-0.9 show transition temperatures as discussed in dielectric constant versus temperature plots. The rest compositions are not exhibiting the transition temperature as high zinc content existed in those compositions which lead to high transition temperature. Normally, when the charge carriers cross the transition or relaxation temperature, there may be definite change of conductivity. These two slopes provide two activation energies. The results reported are altering between 0.051 and 0.572 eV. The smaller activation energies are noticed at lower temperature region (< 393 K), while higher activation energies are recorded at higher temperature region (> 393 K). This kind of variation of activation energies is mainly due to Fig. 10 (continued) the conductivity behaviour at lower and higher temperatures. Similar kinds of observations are made by Islam et al. [26] .
Dielectric modulus analysis
The complex dielectric modulus can be expressed as M* = M′ + jM″, where M′ = (ε′/(ε′ 2 + ε″ 2 )) and M″ = (ε″/(ε′ 2 + ε″ 2 )) are the real and imaginary parts. The temperature and frequency dependence of M′ and M″ of present ceramic samples is shown in Fig. 9 . Both real and imaginary parts of modulus are increasing with temperature as shown in Fig. 10 . This is attributed to the high response of space charges at the grain boundary interface [27] . It is clear from the drawn plots that the M′ of x = 0.1 to 0.9 contents reveals the smaller values at lower frequencies, while it attributes exactly linear increasing trend with increase in frequency up to 0.1 MHz. The smaller values which are almost approaching to zero at lower frequencies can reflect the electrode effect. Above 0.1 MHz, all the compositions perform a constant trend. This happened owing to the short-range mobility of charge carriers. This frequency is generally regarded as the relaxation frequency. But, few compositions such as x = 0.1 to 0.5 exhibit a sharp increasing trend of real part above~3 MHz frequency. This establishes a fact that beyond~3 MHz frequency, the above mentioned contents reveal the long-range polarization mechanism [28] . Especially, there is a huge change in M′ values with respect to the frequency for x = 0.4 and x = 0.5. That is, the larger M′ values are observed to be smaller above x = 0.4. This probably happened due to decrease of the AC resistivity (increase of conductivity) from x = 0.4 to 0.5. The experimental values of AC resistivity values of x = 0.4 and 0.5 compositions are observed to be 1.49 × 10 6 and 3.57 × 10 4 (S/cm) −1 . On the other hand, M″ also shows the same behaviour as that of M′ at lower frequencies. All the compositions attribute relaxations at 0.1 MHz due to space-charge polarization effect. The low frequency relaxations are observed due to having the ions capable of moving larger distances. This implies that the ions perform the successive hopping from one site to another neighbouring site [29] . At the same time, few compositions like x = 0.1, 0.5, 0.7 and 0.9 show relaxations at higher frequencies. This reveals us that the ions can execute only the localized motion. The region above the relaxation frequency is formed because of short range hopping conduction mechanism. In addition, the plot portion below 0.1 MHz is formed owing to long-range hopping conduction mechanism. However, smaller relaxation frequency is due to the ions which can move longer distances. But in this study, it happened at higher frequency. This kind of higher relaxation frequency is established due to the ions which are confined in potential well [30] . Moreover, it is also evident that the real and imaginary parts of dielectric modulus parameters decrease with increase in temperature and reveal the temperature dispersion behaviour.
Impedance analysis
The impedance analysis is a good technique to understand the conduction mechanism and microstructure behaviour of ceramic materials. Impedance analysis is made using Nyquist plots. The bulk or electrical conductivity analysis as a function of temperature is elucidated from the grain and grain boundary behaviour. It is obvious from the Z′ versus Z″ plots (shown in Fig. 10 ) that all samples show single semi-circular arcs of distinct diameters for various temperatures in the frequency of 1 kHz-5 MHz. Therefore, it is observed that the electrical conduction is alone occurred due to grain contribution. Moreover, few compositions express a small disorder tendency in Cole-Cole plots which may arise because of the change of grain size distribution, stress, strain, volume fraction and improper atomic arrangement at grain and grain boundary. These may in turn lead to increase of the electron scattering [31] . The diameter of semicircle reveals the bulk resistance (R b ). It is an established fact that grains are of semiconducting nature, while its boundaries are of insulating nature. The current investigation reports that the complete electrical conductivity is owing to bulk contribution. However, in this study, the formation of complete semicircle is a dependent of temperature. It is noticed from all the plots that room temperature Cole-Cole plots reveal the tendency of almost semicircular arcs. At the higher temperatures, this tendency becomes slowly decreased. However, the semicircular arc formation is mainly a dependent of relaxation strength of plot. Therefore, the partial formation of arcs at higher temperatures may be attributed to the partial relaxation strength as reported in reference [30, 32] . Hence, it is reported that the present samples are of almost semiconducting nature at room temperature. On the other hand, at high temperatures, samples eventually lose the semiconducting nature. It may be expected to happen due to zinc oxide addition as it is generally a semiconducting material. The centres of semicircular arcs of all compositions (at lower temperatures) lie below the X-axis expressing the non-Debye type relaxations [33] . It is an apparently observed fact that there is a huge change of real and imaginary parts of complex impedance from x = 0.1-0.4 to 0.5-0.9. This may be occurred due to the increase of barium content and further decrease of zinc content in the ternary system. Thus, it implies that an increase of barium content offers low impedance (or AC resistance) values. In addition, the grain or bulk resistances (R b ) of all materials for various temperature starting from 40 to 400°C are estimated from the intersection point of the semicircular arcs at the real axis with the help of Z-view Table 4 . The results are found to be altering between 0.16 × 10 7 and 6.53 × 10 7 Ω. Apart from these values, the bulk conductivities (σ dc ) are evaluated using an equation: σ dc = t/R b A, where t is thickness of specimen and A is the area of cross section of pellet. The results are listed in Table 5 . The values are found to be changing between 2.62 × 10 −9 and 1.15 × 10 −7 S/cm.
Furthermore, the lnσ dc versus 10 3 /T plots are drawn to find Fig. 12 P-E loop behaviour of (BaO) x -(ZnO) 1-x -TiO 2 (x = 0.1-0.9) ceramics the DC activation energies of present samples (Fig. 11) . The Arrhenius plots express various slopes. Using these slopes, the activation energies (E a ) in terms of electron volts are computed. The values listed in Table 6 are noticed to be changing between 0.09 to 0.57 eV. These values are almost in close agreement with the AC activation energies reported using AC conductivity versus temperature plots.
Ferroelectric properties
The ferroelectric behaviour of present samples is studied using P-E loop tracer. While doing measurement, the pellet is connected parallel to 4 μF capacitor for the compensation. Figure 12 depicts the ferroelectric hysteresis loops of x = 0.1 to 0.9 under an applied frequency of 600 Hz at an operating voltage of 600 V. Similar conditions are used in the case of barium titanate [5] . It is evident from Fig. 12 that all compositions perform a well-behaved hysteresis loop distorted into 'banana' shape performed at room temperatures. This causes current leakage due to oxygen vacancies on the surface of the grains, instead of polarization. The response of dipoles per unit field is in general regarded as polarization. It is an observed fact that the saturation polarization (P s ) is found to be constant value of~1.78 μC/cm 2 . The variation of coercive field (E c ) and remanent polarization (P r ) as a function of composition is reported in Table 7 . This P r value can be extracted from P-E loops by considering the remained polarization as the applied field tends to zero. But, it need not be equal to saturation polarization (P s ) value. It is a known fact that these ferroelectric parameters mainly depend on the grain size, density, porosity and structure of materials. It can be understood from the table that E c and P r show maximum values above x = 0.6. This is achieved due to the larger grain sizes of approximately 3.9 to 4.9 μm. But, below x = 0.6, these two parameters attribute smaller values, as the grain sizes are of order 2.3 to 3.9 μm. Moreover, all the P-E loops of ternary system show the horizontal line for saturation polarization. This kind of deformation and asymmetries is mainly occurred owing to the interface regions between dissimilar phases such as undesired secondary phases, pores and electrodes, which are often the location of space charge accumulation [34] .
Conclusions
The ( In respect of dielectric properties, the composition x = 0.9 attributes the high dielectric constant of~145 and high loss of5 5 values at room temperature which is suitable for filter, charge stored capacitors and dielectric absorber applications. The Arrhenius plots express that the two AC activation energies (E 1 and E 2 ) are found to be changing between 0.051 and 0.572 eV. The effect of space charge polarization is discussed from M′ and M″ versus frequency and temperature plots. At0
.1 MHz, the resonance frequency is noticed for these plots. The impedance analysis obtains the bulk resistance of samples varying between 0.16 × 10 7 and 6.53 × 10 7 Ω. Consequently, the DC conductivities are observed to be of order 2.62 × 10 Nyquist plots are almost in consistent with AC activation energies. The P-E loop reveals a steady value of the saturated polarization of~1.78 μC/cm 2 for all the compositions. In addition, the higher values coercive filed and remanence polarization at higher x values is established due to bigger grain sizes of that particular compositions. This shows the grain size dependence of materials.
